We study higher twist distribution amplitudes for the SU F (3) baryon octet. We identify independent functions for all baryons in the isospin symmetry limit and calculate the Wandzura-Wilczek contributions to the twist-4 and 5 distributions amplitudes.
I. INTRODUCTION
Hard exclusive processes give us unique possibility to study internal structure of hadrons. The theoretical description of exclusive processes is based on the QCD factorization approach [1] [2] [3] [4] [5] [6] . Scattering amplitudes (decay amplitudes) in this approach are given by convolution of the coefficient function which can be calculated perturbatively with nonpertubative functions -the distribution amplitudes (DAs). In the infinite momentum frame DAs can be interpreted as the momentum fraction distributions of partons in hadrons.
The DAs are usually classified according to their twist. In the QCD factorization approach, where the relevant Q 2 is large, the dominant contributions to an amplitude come from DAs of lowest possible twist. The higher twist DAs give rise to the power suppressed corrections. The factorization approach works quite well for the mesons but for baryons it encounters conceptual difficulties (see Refs. [7] [8] [9] [10] [11] ). Also one faces the difficulties in attempt to provide a quantitative description of the current experimental data, the electromagnetic nucleon form factors, in particular.
A quantitative description of the nucleon electromagnetic form factors has been achieved in the framework of the lightcone rules (LCSR) [12] [13] [14] by taking into account the power suppressed [15] [16] [17] [18] and next-to-leading order [19, 20] corrections. As it has been shown, the power suppressed corrections, which are parameterized by the higher twist nucleon DAs, give sizeable contribution for moderate Q 2 ∼ 2 − 5 GeV.
Unfortunately, our knowledge of the nucleon (baryon) DAs is quite limited. Only the leading twist nucleon DA is known with some degree of certainty, while the estimates of the higher twist nucleon DAs are very poor (see e.g. Refs. [16, 17, 20, 21] and reference therein).
At the same time, the higher twist DAs contain the contributions that are related to the lower twist DAs -the so-called Wandzura-Wilczek (WW) contributions [22] . For mesons, the genuine higher twist DAs often appear to be much smaller than the corresponding WW terms. In many cases, keeping only the WW terms one gets a quite good approximation for the higher twist DAs (the so-called WW approximation).
The lowest twist meson DAs are defined by matrix elements of two-particle (quark-antiquark or gluon) light-ray operators. For such operators the WW contributions were calculated a long ago. A detailed discussion of the method can be found in Ref. [23] . We also mention here that WW corrections to the generalized parton distributions were derived in [24] [25] [26] [27] [28] .
The situation with baryon DAs is more complicated because they are determined by matrix elements of three-particle (three-quarks) operators. Until now the WW corrections were only known for the first few moments of the nucleon DAs [15, 16] .
The effective technique that allows one to calculate the WW terms for the multiparticle DAs was developed in [29, 30] . The approach is based on the spinor formalism and conformal wave expansion for the light-ray operators. Using this technique the WW corrections to the three-particle nucleon DAs were calculated up to twist-5 [29, 30] . In the present paper we, keeping in mind the recent progress in lattice calculations of the baryon DA moments [31] , derive the SU F (3) baryon octet DAs in the WW approximation.
The paper is organized as follows: in Sect. II we remind the basics of the spinor formalism and fix our notations. In Sect. III, we give the definitions of the DAs for the baryon octet. The subsections III A, III B contain the analysis of the mixed chirality DAs up to twist-5 and in the subsection III C we consider the chiral DAs of twist-4 and 5. The Appendices contain the SU F (3) relations between different DAs and explicit expressions for the few first polynomials entering the expansion of baryon DAs.
II. SPINOR CONVENTIONS
We closely follow the notations of Ref. [34] . In the Weyl representation, the Dirac γ-matrices take the following form
where
and σ are the Pauli matrices. The γ 5 matrix and the charge conjugation matrix C = iγ 2 γ 0 are defined as
The Dirac spinor is constructed from two Weyl spinors:
Here q ↓(↑) = 1 2 (1 ∓ γ 5 )q are the left (right) handed quark fields, respectively.
An arbitrary vector a µ can be mapped to a 2 × 2 matrix as
In the studies of hard processes, the light-like vectors, n andn (n 2 =n 2 = 0, (n ·n) = 0), are usually introduced. They can be parameterized by two auxiliary Weyl spinors λ and µ as
The rules for rising (lowering) spinor indices read
where the antisymmetric Levi-Civita tensors are normalized as ε 12 = ε 12 = −ε12 = −ε12 = 1. The products of Weyl spinors are defined as
In the following we use shorthand notation for the quark fields projections onto the auxiliary spinors:
The quark fields can be written in the form
Constructing the light-ray operators it is useful to ascribe two quantum numbers -twist and helicity -to the quark field projections (8) . The plus components, q 
III. BARYON OCTET DISTRIBUTION AMPLITUDES

A. Twist three distribution amplitudes
In this paper we study the three-quark distribution amplitudes of the baryon octet,
in the isospin symmetry limit. It is helpful to recall the quark content of the isospin multiplets:
The leading twist distribution amplitudes are defined by the matrix elements of the twist-3 three-quarks operator:
Here
, s and i, j, k are the color indices. The matrix element of (11) takes the form
3, m (x) is the corresponding DA, u B stands for the Dirac spinor of the baryon B, p denotes its momentum, p + = (pn) and the integration measure is defined as follows
It is clear that the matrix element is nonzero only if the flavor indices of the operator match the flavor content of the baryon. Invariance of the operator under the permutation
together with the isospin symmetry allows one to express all DAs in terms of seven independent functions. We choose them as
We mark the DAs by their positions in this table and do not specify the flavor indices explicitly, i.e. Φ (B,k) 3 (x) denote the DAs of the baryon B in the k-th row (k = 1, 2).
One can easily see that the functions in the second row have certain parity with respect to x 1 ↔ x 3 permutations. Namely, the DAs Φ 3,udu , in the second row is absent because this function is not independent and can be expressed in term of Φ
The DAs (14) are related to the vector, axial-vector and tensor twist three DAs, V 1 , A 1 , T 1 which appear in the decomposition of the three-quark operator with open spinor indices [21] (16) where the dots stand for higher twist terms and
As usual, the DAs in momentum space are defined by the Fourier transform
Projecting both sides of Eq. (16) onto the auxiliary spinors λ , λ one derives
and (cf. Eq. (15))
The conformal wave expansion of the DAs (14) goes over polynomials P Nq which are solutions of the renormalization group equations,
where µ is the renormalization scale. The common prefactor is fixed by the conformal spins of the fields. The functions P Nq (x) are the homogeneous polynomials of degree N, P Nq (sx) = s N P Nq (x), that form an orthogonal system
Nq .
The index q enumerates different polynomials of the same degree. The polynomials P Nq can be obtained as solutions of one-loop RG equation for twist-3 three quark operators. Note that these polynomials do not depend on the flavor content of three-quark operator because the evolution kernels are flavorblind. Each polynomial P Nq is either symmetric or antisymmetric under permutations of the first and third arguments,
The reduced matrix element φ (B,k)
Nq can be expressed as a convolution integral
To the one-loop accuracy, the reduced matrix elements φ Nq (µ) have an autonomous scale dependence. Evidently, for the
and Φ (Λ,2) 3 the sum in (27) goes over the symmetric (antisymmetric) polynomials only. The first few polynomials with the corresponding anomalous dimensions are given in Appendix B. More details can be found in Refs. [29, 32, 33, 36] .
For later convenience we split the DAs Φ
and introduce the notation Φ 
to each DA. The signature factor defines parity of the polynomials P ± Nq that enter the conformal expansion for the corresponding DA, namely,
As we see in the next section the higher twist DAs can be written in quite similar form.
B. Mixed chirality higher twist distribution amplitudes
We define the higher twist three-quark operators of mixed chirality as
where it is tacitly assumed that color indices are contracted with the antisymmetric tensor. We also recall that q In the proton case matrix elements of these operators define the functions Φ 4 , Ψ 4 and Φ 5 , Ψ 5 , [21] . For all other baryons in the octet (except neutron) there are three independent DAs related to the matrix elements of these operators.
Twist-4 and 5 DAs can be defined as
There are altogether 11 independent DAs for the p, Σ + , Ξ 0 and Λ baryons for each twist t = 4, 5:
Similar to the twist-3 case we introduce the notation Φ is given by the combination of DAs in the first and last row, namely
We want to stress here that contrary to the twist-3 functions, the higher twist functions, Φ (B,A) t (x), are not symmetric under the arguments permutation.
In this notation the conventional proton DAs of twist 4 and 5 [21] take the following form
The higher twist DAs Φ 
(x).
The conformal wave expansion of the genuine twist-4 DAs, Φ (B,A),g 4 (x), takes the form
where the signature factor κ(B, A) is defined in (26) .
The polynomials R (±)
Nq are the eigenfunctions of the evolution kernel for twist-4 operators, see Ref. [29] for a general discussion. Index N stands for a degree of the polynomial R The genuine twist-5 distributions have a similar expansion:
We emphasize, however, that neither the polynomials T ± Nq nor the anomalous dimensions have been calculated so far.
The structure of the WW contributions to the DAs (33) and (34) do not depend on the flavor content of baryons and can be easily extracted from the results of Ref. [30] . We derive
where summation goes over the polynomials of the parity κ (B, A) . For the twist-5 DAs, the WW terms of twist-3 and twist-4 have the form
and
respectively.
C. Chiral distribution amplitudes
We now define the chiral three-quark operators as
They are constructed from the left-handed chiral quarks and they have the helicity −1/2 and +1/2, respectively. The DAs related to these operators are defined by
For each twist, there are 7 independent DAs which can be chosen as follows
Similarly to the previous case, we denote the DA of the baryon B in the k-th row (see the is not independent
and, therefore, it is not listed in the was worked out in Ref. [29] . The eigenfunctions of the evolution kernel for the higher twist chiral three-quark operators are characterized by parity (which is ε = {1, e ±i2π/3 }) under the combined cyclic permutations in the position and flavor spaces. The conformal expansion of the nucleon chiral DA,
, goes over the certain combination of the eigenfunctions with parity e ±i2π/3 . The expansion of the chiral DAs for the other baryons involves the eigenfunctions of the parity ε = 1 as well. A more detailed discussion can be found in Ref. [29] . Here, we present the final results only. The expansions for Λ baryon as compared to all other baryons in the octet have a slightly different form. Namely,
In the last formula, the signs " ± " correspond to k = 1, 2, respectively. The polynomials Π (k)
Nq (x) are related to the eigenfunctions Π Nq (x) of the parity ε = e ±i2π/3 , which were calculated in Ref. [29] ,
where P 23 is the permutation operator:
The eigenfunctions Π
(+)
Nq and Λ
(−)
Nq belong to the parity sector ε = 1 and they are (anti)symmetric under x 2 ↔ x 3 permutation:
Notice that for the proton θ In order to write down the WW contributions to the twist-5 amplitudes, we define the following functions
Nq (x)
With the help of Eqs. (47) and (48), the WW contributions to the twist-5 DA can be written in the following form
The first few polynomials Π Nq , Π
Ng are given in Appendix B.
part of the paper. We remind that the DAs Φ (29) and (34) .
The independent DAs for p, Σ + , Ξ 0 , Λ baryons are collected in the Tables (14) , (30) 
5,uds (x) .
Below we present the relations between the functions used in the present paper and those introduced in Ref. [31] : 
